The cross-correlation functions between the time series of drug sales at community pharmacies have been used for the epidemiological understanding of influenza propagation process. The aim of this paper is to examine the methods of smoothing for determining the maximum position (time lag) of the cross-correlation function. The moving average method with a window of seven days is taken to eliminate the hebdomadal frequencies originating from the life style of people around the pharmacies, or rather, purchasers. Based on the smoothed data of influenza anti-viral agents for adults and children at pharmacies in Tokyo and its vicinity, this paper tries to give an answer to the question of which are earlier infected with influenza, adults or children, in the limited areas.
INTRODUCTION
The spatial understanding of disease propagation process in society is the goal shared by epidemiology, medical geography and health research. 1, 2) The focus of research is on person, time and space and the analytical tools include choropleth maps and geographic information systems. [1] [2] [3] [4] [5] [6] The techniques of spectral analysis has also been used for common purposes, e.g., power spectrum, auto-correlation function and cross-correlation function. [7] [8] [9] [10] [11] [12] [13] [14] The cross-correlation functions are concerned with the time lag of similar or correlated phenomena which occur in distant places or under different situations.
15) The time lag is the maximum position of the cross-correlation function and means that the correlation coefficient between the phenomena is the largest, if one of the phenomena is shifted by the time lag. As an example, the daily variations of the sales of an influenza anti-viral agent at distant pharmacies are observed to be similar in pattern, but one variation lags a number of days behind the other. In this situation, the cross-correlation function between the daily variations is available for assessing the propagation route and speed of influenza in the district.
13) The infection order of adults and children in limited areas can also be estimated from the sales pattern of influenza anti-viral agents at the same pharmacy. 14) This is feasible, because the formulations are different from adults (capsule) to children (dry syrup).
In the above-mentioned study, the interpretation of the cross-correlation functions is straightforward. Unfortunately, however, the determination of the time lags can be obscured by the hebdomadal frequencies which originate from the life style of people in recent human society. 13, 14) For example, the prescription of the influenza anti-viral agent for children was observed to concentrate on Sundays and Mondays at a pharmacy, even if it is open throughout the year.
12)
The purpose of the present paper is to examine a smoothing method (moving average method) for eliminating the hebdomadal frequencies form the cross-correlation functions of the pharmacy data. A case study is given including fifteen situations of distant pharmacies and different influenza seasons.
MATERIALS AND METHODS
The information about the prescriptions of in-*To whom correspondence should be addressed: National Institute of Health Sciences, 1-18-1 Kami-Yoga, Setagaya, Tokyo 158-8501, Japan. Tel.: +81-3-3700-1141; Fax: +81-3-3707-6950; E-mail: fumi@nihs.go.jp average over the window. A strong hebdomadal frequency and its harmonics have been observed in the power spectral densities of drug sales time series.
12)
Since a wide window such as 14 and 21 days is known to widen a peak, the window in this paper is fixed at 7 days. Figure 3 shows two types of smoothing examined here. The difference is in the data to which the smoothing is applied: time series or cross-correlation function. The smoothing of the time series is common, but that of the cross-correlation function might seem to be unreasonable. As is mentioned below, a problem is found with the former, and the alternative is also taken.
The influences of the moving average method are examined first on auto-correlation functions and second on cross-correlation functions. Finally, a case study is presented. The daily variation in the amount of drug sale at a pharmacy can be classified into three groups according to the strength of auto-correlation; strong, weak and none. The moving average method 16) used here has a window of seven days and the value at the central point of the window is replaced by the calculated time series of weak, none and strong correlation, respectively. Figure 4A shows the daily variation in the sales of an influenza anti-viral agent (Tamiflu ® Capsule 75, Chugai Pharmaceutical) at a community pharmacy and Fig. 4C and 4E show its auto-correlation functions made through the smoothing. The smoothing itself is applied to either the time series or autocorrelation function (for the smoothed data, see B and E, respectively). The original auto-correlation function without smoothing is shown in Fig. 4D . The arrangement of the figures is the same as that of Fig. 3 .
RESULTS AND DISCUSSION
In general, the auto-correlation function takes unity when τ = 0 and approaches to zero when τ = ∞.
15) The intact auto-correlation function (D) has these general properties. The smoothing (E) of the correlation function breaks the first property (unity when τ = 0), but provides the reliable values when τ ≠ 0 (compare D with E). On the other hand, the first property is kept by the auto-correlation function (C) of the smoothed time series, but the correlation co- Figure 1 shows the time series (A) of a common cold drug (Neo-Amunoll ® Powder, Sanwa Kagaku Kenkyusho) and its auto-correlation functions with the smoothing carried out before and after the autocorrelation (C and E). Although the shape of the autocorrelation function (D) is different from that of Fig. 4 , the effects of the smoothing are similar. Figure 2 takes an antidiabetic agent (Daonil ® , Aventis Pharma) as an example of no auto-correlation. As a whole, the smoothing effects are similar to the above examples. However, the hebdomadal frequencies look more conspicuous than necessary (C). Figure 5 shows the application of the moving average method to the infection order of influenza between adults and children in the limited area. The intact cross-correlation function of the time series of influenza anti-viral agents for adults (Tamiflu ® Capsule 75) and children (Tamiflu ® Dry Syrup 3%, Chugai Pharmaceutical) at a pharmacy provides a time lag of 7 days (D). As for the drug supply, the children lag 7 days behind the adults there. However, this time lag can be obscured by the hebdomadal frequencies occurring in the time series (A and A′). If the cross-correlation function is calculated from the smoothed time series, the time lag is observed to be 6 days (C). On the other hand, if the smoothing is applied to the cross-correlation function (D), the smoothed function (E) gives the time lag of 4 days (also see No. 4 of Table 1 ).
The above methods of smoothing are compared further at different pharmacies and in different influenza seasons (Table 1) . Seven community pharmacies and three seasons are included in the analysis. The time lags obtained from the smoothing applied to the time series or cross-correlation function are in good agreement with each other in every situation. They are almost consistent with the results from the cross-correlation functions without smoothing, although three are four exceptions (No. 1, 7, 10 and 14).
The exceptions are helpful to examine the effects of the smoothing (see Fig. 6 ). In the intact crosscorrelation functions, the largest correlation coefficients (at τ = 0 for A, -7 for B, 0 for C and 0 for D) can be considered to come from the hebdomadal cycles. These accidentally largest coefficients seem to be successfully corrected by the moving average for the smoothed cross-correlation function (see Fig. 6C ). This value (= 0.25) is too small to be significant and the result of the pharmacy will be ignored in the discussion below.
As for the above pharmacy at Hanno (Fig. 6C) , the largest correlation coefficient obtained from the smoothing of the time series is found at the same lag (τ = -11 days, see Table 1 ), but its value is much larger (= 0.79, not shown) than that of the other smoothing (≈ 0.25, see Fig. 6C ). Therefore, the only use of the smoothing of the time series is not adequate, and the smoothing of the correlation function should also be referred to.
Most cases examined here indicate the earlier infection of adults than children. However, the order of influenza infection is not an easy question. In conclusion, the different methods of smoothing have been examined for determining the time lag (the position of the maximum) of the cross-correlation function of the time series of drug sales at community pharmacies. If the smoothing is applied to the cross-correlation function itself, the result is satisfactory as a whole. However, the smoothing of the time series before the cross-correlation function gives an enhanced correlation coefficient. Either method is useful for the determination of the time lag. However, if the value of the correlation coefficient is important, the smoothing of the correlation function is preferable.
At many pharmacies located in Tokyo and its vicinity, the earlier infection of adults than that of children was observed for different seasons of infection, although there are exceptions. The longer action radius of the adults will be one of the reasons for this result. The infection order of influenza between the adults or children is not an easy question, but the amount of pharmacy information used in this study is not sufficient. A large-scale network of community and hospital pharmacies is essential for the further study on the time-and-space pattern of influenza propagation in human society.
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Hereafter, the order of influenza infection between adults and children is considered with reference to the smoothed data. In most cases of Table 1 (see the columns of CF and TS), the infection of the adults precede that of the children. By definition, this order is derived from the positive signs of time lags (see MATERIALS AND METHODS). At the pharmacy located at Hanno (No. 10), however, the extremely reverse order is observed (τ = -11 days). In this case, the largest correlation coefficient is 0.25
